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Abstract. The term survival analysis has been used in examines and models the time until the 
events occur. The most common tool for studying the dependency of survival time on predictor 
variables is Cox model proportional hazards regression model. In this paper we present a simple 
modification of Cox’s proportional hazards model using the partial likelihood principle technique 
based on Newton Rapson method.  
Simulation is conducted based on prison partly interval censored data set with particular sample 
sizes to evaluate the performance of the proposed model, and it shows that the model is feasible 
and works well.   
1.  Introduction 
The survival analysis method follows the target subject for a stipulated duration which can be a part of 
life period or even the entire span of life of the object. The analysis focuses on the time of occurrence 
of all events pertaining to the target or individual, for analyzing the observed data. The individually 
recorded data is called the survival data. 
The individual can be a person, an animal, or any device like an electrical machine or its component, 
and the span of data collection can the entire lifetime of the object or a portion thereof.  It can also be 
the curing period of a patient in a hospital or the time period needed for an object to complete a task or 
the during of an economic cycle. 
If the subject is a person, then the event can be the occurrence of a birth, marriage, divorce, disease, 
death etc. An apt example of a survival data set of a person is the Electronic Health Records (EHRs) 
which are extensively used in modern state-of-the-art hospitals all over the world to monitor the medical 
functioning a person.  
When the event of interest does not happen or the information pertaining to the survival time of the 
subject is incomplete, then this kind of observation is called censored.  There are three general types of 
censoring that is: right-censored, left-censored, and one of the most important types of interval censored 
is partly interval censored data which means that for some of the subjects the event of interest is exactly 
observed while for others it lies within an interval [9]. In this paper, analysis is conducted for partly 
interval censored via simulation data set based on prison data set.  
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Several researcher used statistical methods in the survival data analysis among others, [14] described 
the survival analysis or failure time analysis as one of the most significant and advanced methods in 
statistics during the last quarter of the 20th century. [15] described the survival analysis as one of the 
significant statistical methods as it is involved with the failures of components. [10] described the 
survival analysis as the procedure to analyze data statistically and the outcome is the time until an event 
occurs. [11] described that the duration could be compared with lifetime of a marriage; a marriage may 
end due to annulment, divorce, or death. [4] used survival analysis approach for measuring time until an 
event occurs and account for teacher’s attrition.  
Also they are several researcher used survival analysis on criminology among them; [5] analyzed 
recidivism of three types of reconviction based on competing risks concept. [1] predicted recidivism on 
a boot camp’s graduates using Cox’s model. [12] used prisoners in China to studied time to recidivism. 
[13] obtained the probability of failures for survival analysis based on reincarceration criterion. [2] used 
hazard function based on semi parametric to studied numbers of crimes averted by incapacitation. [6] 
used a non parametric based on Kaplan Meier estimation to predicting recidivism on sexual offenders. 
However, in this research paper we will use Cox model for simulated prison partly interval censored 
data. 
2.  The Cox Model 
Cox Proportional Hazards Model is one of the most popular models being used extensively in survival 
analysis.  This model envisages the assessment of the significance of various covariates in the survival 
times of subjects or individuals through the hazard function.   
A well-recognized technique for analyzing survival data is Cox model, is based on a modelling approach 
and aims at exploring the effects of several variables on survival simultaneously. The Cox Model 
analyses the survival of patients in the clinical trials and the model facilitates to isolate the effects of 
treatment from the effects of other variables. By theoretical deduction, the model can also be used, if the 
other variables, which cannot be easily controlled in a clinical trial but affect the patient survival apart 
from the treatment, are also known.   
A Cox Model gives an estimate of the effect of the treatment on survival after adjusting for other 
variables. This model was introduced by Cox in 1972 [3] for analysis of survival data with and without 
events. Let t  be continuous random variable, 1( ,..., )n   = be a vector regression parameters, 
1( ,..., )nz z z= be a exploratory variable associated with the individual or covariates and 0 ( )h t is a 
baseline hazard. The model can written as; 
    0( / ) ( ) exp( )h t z h t z=     (1) 
To inference for the regression model we used standard approach as the numerical methods such as 
Newton Raphson method or EM algorithm method, ect. 
Here, if we observe a subject who failed at time t , then, the contribution to the likelihood is probability 
density function ( , , )f t z  at t . The contribution from a subject censored at t  is ( )S t the survival 
function beyond t . Thus, partial likelihood based on the data ( , , )i i it z , 1,2,...,i n=  is given by [7] 
and [8] as follows; 
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where 'i s  are event indicator variables: 1i = if the ith subject fail; 0i = if the ith subject is 
censored. 
The parameter   is indexes the density function; and iz  are the covariates for the ith subject. 
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Taking the natural logarithm of equation (2) simplifies the optimization. The log-partial likelihood 
function is given by [7] as follows: 
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The parameters will be obtained by maximize equation (3) and that will yield the parameters of the 
model, which are obtained by simultaneously solving the following partial first derivative (the score 
function ( ))U B and second derivative (the local information matrix ( )I B ) as;  
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3.  Simulation Data 
To investigate the effect of Cox model for this prison data set and to compare the variables in the data 
sets, simulation study was done based on the a prison real data set (which is not addressed here in this 
paper(. We generate the data based on Weibull distribution since we found that the Weibull distribution 
is appropriated for the real data (The histogram graphics of a real data was found to be related to Weibull 
distributions curves compared to others distributions). The sample was taken for 1000 times for each 
variables (age, gender, social status, nationality, previous arrested, and religion). 
Table 1 shows the result from our model based on this simulation data sets. The results indicate that the 
variables age, gender and religion are highly significant compare with other variables such as nationality, 
previous arrested and social status with respect to the p-value. In addition, the Likelihood Ration Test 
(LRT) shows a significant different for the age (42.8, with P-value = 5.98e-11), gender (30.5, with P-
value=3.27e-08) and religion (52.4 (4.49e-13). It was found that occupancy level is higher among the 
age 30 and over compared to the younger inmates. This is shown in Figure 1. The study also indicate 
that males commit more crimes compared to females, as shown in Figure 2. Figure 6 shows the variable 
religion is highly significant with respect to LRT.   
However, Figure 3 shows that there is no significant different between married and single for the social 
status. Similarly, there is no significant different for Nationality and previous arrested variables as shown 
in Figure 4 and 5 respectively. (Significance level is 0.05) 
 
 
Table 1. The result from Cox Model based on simulation data sets. 
Variable Coefficient Exp (Coef) SE P-value LRT* (P-value) 
Age -0.7820 0.458 0.054 2.2e-16 42.8(5.98e-11) 
Gender -1.281 0.278 0.201 1.7e-10 30.5(3.27e-08) 
Social. 
Status -0.192 0.826 0.102 0.0610 3.47(0.062500) 
Nationality -0.212 0.809 0.108 0.0500 3.95(0.046700) 
Previous -0.207 0.813 0.122 0.0910 2.97(0.08500) 
Religion -1.133 0.322 0.140 6.7e-16 52.4(4.49e-13) 
LRT*: Likelihood Ratio Test 
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Figure 1: The survival function for age groups (30 years or above and younger than 30 years) 
 
Figure 2: The survival function for gender (male and female) 
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Figure 3: The survival function for Social Status (married and single) 
 
Figure 4: The survival function for Nationality (Gulf and other) 
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Figure 5: The survival function for arrested (Previous arrested and not arrested before) 
 
 
 
 
Figure 6: The survival function for Religion (Muslim and non-Muslim) 
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4.  Conclusion  
We have proposed a Cox’s proportional hazards regression model for prison partly-interval censored 
data. Simulations studies based on the prison real data set (which is not addressed here in this paper) 
were used to investigate the performance of our model. We generate the data based on Weibull 
distribution for six variables, which are; age, gender, social status, nationality, religion and previous 
arrested. 
The preliminary results obtained from the simulated data demonstrate that the developed model based 
on partly-interval censored data performs well and it is applicable. More improvements in the proposed 
model will be introduced later in another paper with illustration using a real data set. 
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